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(54) LENGTH MEASURING DEVICE 

(57)Abstract: 

PURPOSE: To provide an optical length measuring 
device whose measuring precision is scarcely affected 
by grid defect and dirts sticking to a scale. 
CONSTITUTION: A main scale 1 includes a grid 2 of 
pitch P intersecting its longitudinal direction at acute 
angle 0. A detection scale 3 includes a grid 4 of the 
same pitch P as the grid 2. So that the longitudinal 
direction of the main scale 1 is parallel to the grid 4, bath 
scales are made to face each other. The dark/bright 
moire stripe is caused which orthogonally crosses the 
longitudinal direction of the main scale 1. The interval W 
of the stripe is P/sin0. As the detection scale 3 is moved 
in the longitudinal direction of the main scale 1, the moire 
stripe moves in parallel to the moving direction. Along 
the relative movement direction of both scales, multiple detection parts are arrayed. The 
detection part consists of a detection part 5a consisting of two photoelectric transfer elements 
A and B which output A phase/B phase signals with the phases different from each other by 
90°, and a detection part 5b which outputs its inversion signal. By processing multiple 
detection signals, relative movement direction and its movement amount of both scares are 
detected with high precision and stability. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of" this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The Maine scale which has a detailed grid over the die-length overall length measured at least, 
The index scale which has the detailed grid which die length is short, inclines to the grid of the Maine 
scale, and is located from the Maine scale, In length measurement equipment equipped with the 
detecting element which outputs two signals with which the stripes of light and darkness produced by 
relative migration of the Maine scale and an index scale are detected, and phases differ about 90 degrees 
Length measurement equipment characterized by for the grid of the Maine scale inclining with an acute 
angle to the relative migration direction of said Maine scale and index scale, and carrying out two or 
more side-by-side installation of said detecting element along said migration direction. 



[Translation done.] 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] * - 

[Industrial Application] This invention detects change of the interference fringe generated with relative. 

displacement of two grids met and arranged, and relates to the optical length measurement equipment 

which measures the relative displacement of each grid. 

[0002] * 

[Description of the Prior Art] For example, length measurement equipment using the optical grating as 
equipment which reads the movement magnitude of processing tables, such as a machine tool, with high 
degree of accuracy is known. 

[0003] Drawing 2 - drawing 4 are drawings for explaining the principle of such optical length . 
measurement equipment. As shown in drawing 2 , the Maine scale 10 is a long and slender rectangle 
tabular glass substrate. The detailed grid 1 1 which comes to arrange a metal membrane in the same pitch 
in the direction which intersects perpendicularly with the longitudinal direction is formed in the front 
face. The index scale 12 is a rectangle tabular glass substrate smaller than the Maine scale 10. It 
becomes the front face from a metal membrane, and the grid 1 1 of the Maine scale 10 and the grid 13 of 
the same pitch are formed in it. If the index scale 12 is made to incline to the Maine scale 10 and it is 
made to meet in parallel, the striped pattern of light and darkness will be made in the direction of a grid 
11, and the direction which intersects perpendicularly mostly. Generally this is called the Moire fringe. 
If the index scale 12 is moved along with the longitudinal direction of the Maine scale 10 in drawing 2 , 
a Moire fringe will move to the drawing Nakagami down which intersects perpendicularly with the 
migration direction of the index scale 12. 

[0004] Generally, a Moire fringe is produced in the overlap of two grids, and the locus of the 
intersection with which both grids lapped serves as a striped umbra so that it may expand to drawing 3 
and may be shown. The following formula will be realized if spacing of theta and stripes is set [ a lattice 
spacing ] to W for the tilt angle of P and two grids. 
W=(Pcos (theta/2))/si ntheta ( 1 ) 

[0005] (1) In a formula, when small enough, the following formula is realized by theta. 
W=P/theta (theta: radian) (2) 

[0006] (2) As shown in a formula, the spacing W of a Moire fringe 1 /theta Doubles a lattice spacing P 
optically. When a grid does P migration of this at the longitudinal direction of the Maine scale, a Moire 
fringe means doing W migration of in the vertical direction which intersects perpendicularly with this. 
The movement magnitude of a grid can be known by reading change of this expanded W. 
[0007] Drawing 4 shows the example of structure of the length measurement equipment which reads 
migration of a Moire fringe. There is the light source 14 in the opposite side of the index scale 12 about 
the Maine scale 10. Moreover, there is a detecting element 15 in the opposite side of the Maine scale 10 
about the index scale 12. The light source 14, the index scale 12, and a detecting element 15 are formed 
in the common pedestal 16, and move relatively to the Maine scale 10. 

[0008] Said detecting element 15 has two optoelectric transducers, in order to measure movement 
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magnitude. Two optoeiectric transducers are put in order along the direction which intersects 
perpendicularly with the longitudinal direction of the Maine scale 10, and detect the bright section and 
umbra of a Moire fringe which are shown in drawing 2 and drawing 3 , respectively. Although a 
detecting element outputs the signal of a sin wave by migration of a Moire fringe, the signals which two 
optoeiectric transducers output differ in the phase about 90 degrees mutually. The signal of the 
optoeiectric transducer of an A phase (sin wave) and another side is called a B phase (cos wave) for the 
signal of one optoeiectric transducer. If both signals are acquired, the relative migration direction of both 
scales is also detectable with the movement magnitude of a Moire fringe. 

[0009] According to the conventional optical length measurement equipment mentioned above, since the 
attaching position of length measurement equipment is the processing table of a machine tool etc., 
whether thickness (thickness of the direction of a shorter side of the Maine scale) is made by the ability 
not thickening more than the thickness of a processing table and to form thinly are desired. Moreover, 
although the detection wave stabilized when preparing two or more detecting elements is acquired, with 
conventional length measurement equipment, the grid of the Maine scale is extended and prepared in the 
direction of a shorter side, it inclines in this by the acute angle, and the grid of an index scale is prepared 
in it. therefore, a Moire fringe - the Maine scale - it is formed so that it may move in the direction of a 
shorter side mostly. 
[0010] 

[Problem(s) to be Solved by the Invention] Therefore, when according to conventional optical length 
measurement equipment it was going to prepare two or more detecting elements, and the thickness of a 
scale became large and it surely attached in a processing table etc., there was a problem that it became 
difficult to secure an installation tooth space. And by usual, in order to secure this tooth space, since one 
detecting element which consists of two-piece 1 set of optoeiectric transducers had detected the light and 
darkness of a Moire fringe, a detection wave will be greatly influenced by the contaminant adhering to 
the defect and scale of a grid of a scale, and there was a problem that the precision of length 
measurement fell. 

[001 1] This invention aims at offering the optical length measurement equipment with which the 
accuracy of measurement cannot be influenced easily by the lattice defect of a scale, or adhesion of a 
contaminant. 
[0012] 

[Means for Solving the Problem] The Maine scale which has a detailed grid over the die-length overall 
length which measures at least the length measurement equipment indicated by claim 1, The index scale 
which has the detailed grid which die length is short, inclines to the grid of the Maine scale, and is 
located from the Maine scale, In length measurement equipment equipped with the detecting element 
which outputs two signals with which the stripes of light and darkness produced by. relative migration of 
the Maine scale and an index scale are detected, and phases differ about 90 degrees The grid of the 
Maine scale inclines with an acute angle to the relative migration direction of said Maine scale and 
index scale, and it is characterized by carrying out two or more side-by-side installation of said detecting 
element along said migration direction. 
[0013] 

[Function] A Moire fringe moves along the relative migration direction of the Maine scale and an index 
scale. Two or more detecting elements put in order along this direction detect two or more sets of 
detecting signals which consist of an A phase signal and a B phase signal in two or more detection 
locations. 
[0014] 

[Example] One example of this invention is explained with reference to drawing 1 (a), (b), and (c). The 
grid by which the length measurement equipment of this example was formed in the Maine scale and the 
index scale, the number of detecting elements, and arrangement differ from the former. The mechanical 
structure shown in the configuration of those other than this, for example, drawing 4 , is substantially 
[ as the former ] the same. 

[0015] As shown in drawing 1 (a), the Maine scale 1 is a long and slender rectangle tabular glass 
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substrate. The grid 2 which crosses by the longitudinal direction and acute angle theta is formed in the 
front face in the pitch P. Naturally, the spacing W of the adjoining grids 2 and 2 which amounted to one 
side parallel to the longitudinal direction of the Maine scale 1 is large, and is set to W=P/sintheta from 
the pitch P of a grid 2. 

[0016] As shown in drawing 1 (b), the index scale 3 is a rectangle tabular glass substrate smaller than 
the Maine scale 1 . The grid 2 of the Maine scale 1 and the grid 4 of the same pitch P are formed in the 
front face. 

[0017] The Maine scale 1 and the index scale 3 are set, and predetermined spacing is made to meet in 
parallel so that the longitudinal direction of the Maine scale 1 and the grid 4 of the index scale 3 may 
become parallel. As shown in drawing 1 (c), the striped pattern (Moire fringe) of the light and darkness 
prolonged in the direction which intersects perpendicularly with this arises to the direction of the grid 4 
of the index scale 3, or the longitudinal direction of the Maine scale 1 . 

[0018] In drawing 1 , if the index scale 3 is moved along with the longitudinal direction (namely, 
direction parallel to the grid 4 of the index scale 3) of the Maine scale 1, a Moire fringe will move to the 
migration direction of the index scale 3, and parallel at the longitudinal direction in drawing. 
[0019] W migration of a Moire fringe is done with the relative-displacement direction to the relative 
displacement P of the index scale 3 and the Maine scale 1 at parallel. Since theta is an acute angle, W is 
larger than P. 

[0020] Two or more detecting elements 5 are put in order along the longitudinal direction of the Maine 
scale 1, the direction of the grid 4 of the index scale 3, or the relative-displacement direction of both the 
scales 1 and 3. The detecting element of this example consists of detecting-element 5b set to detecting- 
element 5a which a phase becomes from two optoelectric transducers A and B which output an A phase 
signal which is mutually different 90 degrees, and a B phase signal from two optoelectric transducers a 
and b which output a reversal A phase signal and a reversal B phase signal. As shown in drawing 1 (c), 
by this example, it has located in a line detecting-element 5a and detecting-element 5b at a time by turns 
[ three ] with one train so that it may correspond to the light and darkness of a Moire fringe. 
[0021] If the Maine scale 1 and the index scale 3 move relatively, the light and darkness of a Moire 
fringe will move along the migration direction. Two or more detecting elements 5 put in order along this 
direction detect the detecting signal which consists of an A phase signal and a B phase signal, and the 
detecting signal which consists of a reversal A phase signal and a reversal B phase signal in two or more 
detection locations, respectively. 

[0022] Even if some of Maine scales 1 and index scales 3 have a certain damage or the contaminant etc. 
has adhered to it, the length measurement equipment of this example can detect stably the relative 
migration direction and movement magnitude of both scales in a high precision by processing the 
detecting signal of these plurality. 

[0023] Although the grid 4 and the migration direction of the index scale 3 were in agreement in said 
one example, it is not necessary to make this not necessarily in agreement. The grid 2 of the Maine scale 
1 inclines with an acute angle to the relative migration direction of the Maine scale 1 and the index scale 
3, and the Moire fringe with which the stripes of light and darkness are located in a line along with the 
longitudinal direction of the Maine scale 1 with this Maine scale 1 and the index scale 3 should just be 
formed. Thus, if both the scales 1 and 3 are constituted, since two or more detecting elements 5 (5a, 5b) 
can be put in order along the relative-displacement direction of both the scales 1 and 3, many detecting 
elements can be arranged, without enlarging the whole equipment, in order to obtain the detecting signal 
stabilized as mentioned above. 
[0024] 

[Effect of the Invention] Since according to the length measurement equipment of this invention it is 
made for a Moire fringe to move in the relative-displacement direction and this direction of both scales 
and the detecting element was put in order in this direction in the optical length measurement equipment 
using a Moire fringe A detecting element can be increased without enlarging the dimension (especially 
dimension of the direction of a shorter side of the Maine scale) of the whole equipment, and it is 
effective in the ability to lessen the bad influence of a gap of the detection wave produced according to 
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the defect of a grid by this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] (a) is the Moire fringe which sets the Maine scale 1 in one example of this invention, and 
(b) to this index scale 3, sets (c) in the one example, and is obtained, and drawing showing the example 
of arrangement of the detecting element to this Moire fringe. 

Prawing 2] It is the front view and side elevation showing the structure of the outline of conventional 
length measurement equipment. 

Prawing 3] It is drawing showing the Moire fringe obtained in conventional length measurement 
equipment. 

prawing 4] It is the side elevation showing the more concrete configuration of conventional length 
measurement equipment, 
pescription of Notations] 

1 Maine Scale 

2 Grid of Maine Scale 

3 Index Scale 

4 Grid of Index Scale 

5, 5a, 5b Detecting element 
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